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Abstract 

Background:  Most embryos that spontaneously abort during early pregnancy are found to have chromosomal 
abnormalities. The purpose of this study is to explore the factors involved in chromosome aberrations during 
embryogenesis.

Methods:  A case-case study was performed to compare the risk factors for spontaneous abortion with and without 
embryo chromosome aberration. A total of 160 cases of spontaneous abortion were enrolled from a tertiary general 
hospital in Kunming. KaryoLite BACs-on-Beads (KL-BoBs) and fluorescence in situ hybridization (FISH) were employed 
to determine chromosomal constitution of abortion chorion villus samples. Maternal serum levels of homocyst-
eine (Hcy) were detected by high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). 
Information about clinical background and environmental exposure was collected through a self-designed question-
naire. To identify the inherited chromosomal abnormalities, couples with chromosomal abnormalities in abortus were 
recalled for karyotyping.

Results:  The overall rate of chromosomal abnormalities was 62.5% (100/160, KL-BoBs combined with FISH) including 
51.9% (83/160) aneuploidies, 6.3% (10/160) polyploidies, and 4.4% (7/160) structural abnormalities. Only one case of 
structural abnormality was found to be inherited from maternal balanced translocation. Compared to abortus with 
normal karyotype, abortus with abnormal karyotype showed a positive association with parental age and elevated 
maternal serum homocysteine (Hcy) level, but negative association with previous miscarriage and perceived noise.

Conclusions:  Embryonic chromosomal aberrations accounted for the majority of spontaneous abortion cases. A 
combination of internal and external factors may induce spontaneous abortion through fetal chromosomal aberra-
tions or other pathogenic mechanisms.
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Introduction
Spontaneous abortion is a common complication in 
human reproduction. An estimated 60% of spontane-
ous abortions occur before or after implantation (termed 

preclinical losses), while 10–15% are confirmed by ultra-
sound or histological evidence (termed clinical miscar-
riage) [1, 2]. Most clinical miscarriages occur during 
the first trimester, and the leading cause of miscar-
riage is embryonal chromosomal abnormalities [3, 4]. 
Although parental chromosomal structure abnormalities 
are the main genetic factor leading to recurrent miscar-
riages, the prevalence of chromosomal abnormalities in 
the affected couples is relatively low (2.78–4.1%) [5–7]. 
Few studies have investigated the parental karyotype 
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of sporadic miscarriage [3]. The frequency of balanced 
rearrangements in the general population is very low 
(0.4%) [1, 2, 8].

Apart from inheritable factors, a variety of maternal 
factors have been found to be related to spontaneous 
abortion or embryonic chromosomal aberrations, includ-
ing age, reproductive history, and immune or endocrine 
dysfunction [1–3, 9]. In addition, elevated maternal 
serum level of homocysteine was shown to increase the 
risk of fetal loss and stillbirth [10]. Supplementation of 
folic acid can decrease the concentration of homocyst-
eine and reduce the risk of pregnancy loss [11, 12]. Poly-
morphisms in folate metabolizing genes are associated 
with chromosome breaks and fetal chromosomal ane-
uploidy [13, 14].

Apart from maternal factors, embryonic chromosomal 
abnormalities may be attributable to abnormal game-
togenesis in father. Sperm DNA fragmentation index 
tends to increase with paternal age [15, 16]. Patients with 
high levels of sperm DNA damage showed a significantly 
higher miscarriage rate [17]. Therefore, advanced pater-
nal age may be associated with miscarriage, infertility, 
and birth defects [18].

Other non-hereditary factors implicated in embryonic 
chromosomal aberrations may include environmen-
tal factors. Prenatal exposure to environmental factors, 
such as drugs and pesticides, may increase the risk of 
birth defects or embryonic DNA damage [19, 20]. While 
several causes of teratogenesis have been identified, the 
etiopathogenetic mechanisms are not well characterized 
[20–22]. There is a paucity of epidemiological evidence 
pertaining to the risk factors for embryonic chromo-
somal aberrations in cases of spontaneous abortion. Mis-
carriage is a distressing event for the affected women and 
their families. Therefore, exploring the etiopathogenesis 
of spontaneous abortion may help inform interventions 
to protect the developing embryo and prevent miscar-
riage. The aim of this study was to assess the risk factors 
for spontaneous abortions with and without embryonic 
chromosomal aberrations by investigating the clinical 
and demographic characteristics of these cases.

Materials and methods
Study design and sample collection
This was a case-case study to estimate the risk factors 
for spontaneous abortions with and without embry-
onic chromosomal aberrations. Pregnant women diag-
nosed with spontaneous abortion were recruited at a 
tertiary general hospital in Kunming from October 2016 
to March 2017. The hospital has a dedicated center for 
genetic diagnosis.

All cases of miscarriage were diagnosed based on ultra-
sound evidence of cessation of embryonal development 

or cessation of fetal cardiac activity during early preg-
nancy (gestational age, i.e., the time of embryo-fetal 
death estimated by ultrasound: < 14 weeks). The inclusion 
criteria were: singleton pregnancy with no obvious cause 
of abortion or teratogenicity such as uterine malforma-
tion, trauma, or abdominal x-ray examination [23].

Initially, we approached about 300 pregnant women 
who were diagnosed with spontaneous abortions. Among 
them, 252 women agreed to participate in our study. A 
total of 160 samples of products of conception (POC) 
were randomly collected from the subject for chro-
mosome analysis. The POC specimens were obtained 
by medical curettage procedure. The specimens were 
meticulously dissected from maternal deciduous tissue 
and rinsed with normal saline. First, KaryoLite BACs-on-
Beads (KL-BoBs) assay was used to analyze the karyo-
type of the aborted tissues. Specimens with negative or 
ambiguous results were subjected to fluorescence in situ 
hybridization (FISH) method for detection. Pregnant 
women with normal fetal karyotype were assigned as the 
control group. A flow diagram of patient enrollment and 
grouping is shown in Fig. 1.

A self-designed questionnaire was used to collect data 
pertaining to potential causative factors for miscarriage, 
including maternal/paternal age, history of previous mis-
carriage, folic acid supplementation, and exposure to 
environmental factors (details of the questionnaire are 
added to the Supplementary file  1). In addition, blood 
samples were collected from pregnant women to assess 
the serum levels of homocysteine.

The study protocol was approved by the Ethics Com-
mittees of the Kunming Medical University. All women 
participated in the study voluntarily and provided written 
informed consent prior to their enrolment.

KaryoLite™ BACs‑on‑beads™ assay
All 160 POC samples were processed using the Karyo-
Lite™ BoBs™ assay kit (PerkinElmer, Turku, Finland) 
according to the manufacturer’s protocol. First, genomic 
DNA was extracted using the Trelief™ Animal Genomic 
DNA Kit (TSINGKE Biological Technology Inc., Beijing, 
China). Second, the extracted DNA was labeled with 
biotin, purified using a purification kit, and incubated 
overnight with the BoBs™ probes (fluorescently coded 
Luminex® beads with DNA probes). Thereafter, the 
hybridized beads were washed and bound to the reporter 
molecule (streptavidin phycoerythrin), and washed 
again. The DNA signals on the microbeads were meas-
ured using the Luminex® 200™ instrument system, and 
the experimental results were analyzed using the BoB-
soft™ software. The detailed BoBs workflow is described 
elsewhere [24, 25].
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Fluorescence in situ hybridization (FISH) analysis
Due to its technical limitations, the BoBs assay is not 
appropriate for detection of polyploidy (e.g., triploid or 
tetraploid) or structural abnormalities [26]. Therefore, 
we used FISH technology to analyze the samples that 
yielded negative or ambiguous results with the KL-BoBs 
assay. FISH analysis was carried out using a commercial 
kit including five probes for chromosomes 21, 18, 13, X, 
and Y (GP Medical Technologies, Ltd., Beijing, China) 
according to the manufacturer’s instructions.

Conventional karyotyping
To investigate the inherited embryonal chromosome 
aberrations, couples with chromosomal abnormalities 
in embryos (POC) were recalled for chromosome analy-
sis. Approximately 3 mL venous blood samples were col-
lected in an anticoagulant tube with heparin. Cell culture 
and G-banding analysis were conducted as per the con-
ventional protocols [6, 7].

Homocysteine (Hcy) measurement
Hcy level in maternal serum was detected by high perfor-
mance liquid chromatography-tandem mass spectrometry 

(HPLC-MS/MS) (Waters, USA). Briefly, an aliquot of fast-
ing serum was pretreated using a commercial kit (FOSUN 
PHARMA, Shanghai, China) according to the manufactur-
er’s instructions. Subsequently, 5 μL of the supernatant was 
injected into the HPLC-MA/MS system and separated by a 
C18 column (SHISEIDO, Japan). The calibration curve and 
quality control were achieved using the reagent in the kit.

Statistical analysis
Data analyses were performed using SPSS 17.0 software. 
Association of fetal karyotype with continuous variables 
(parental age, homocysteine levels in maternal serum) 
was assessed using the independent-Samples t test and 
one-way analysis of variance (ANOVA). The Chi-Squared 
test was used to assess the association of fetal karyo-
type with categorical variables including folic acid sup-
plementation (no, yes), previous miscarriages (0, ≥ 1), 
alcohol use (no, yes), and exposure to environmental fac-
tors (such as paint, noise, and passive smoking; detailed 
description of the related factors is provided in the Sup-
plementary file  2). Finally, variables that showed a sig-
nificant association on univariate analysis were included 
in multiple logistic regression models to identify factors 

Fig. 1  Flow diagram of patient enrollment and grouping
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that were different significantly between the two groups 
(Backward: LR, P < 0.10).

Results
Characteristics of the cases and karyotype analysis
The clinical and demographic characteristics of the study 
population are shown in Table  1 and Supplementary 
Table 1 (data not shown). The average age of the mothers 
was 30.8 years; most of the mothers had normal weight 
during early pregnancy, and more than a third had a pre-
vious history of spontaneous abortion.

The KL-BoBs assay was performed in all spontaneous 
abortions, and chromosomal abnormalities were detected 
in 90 of 160 cases. The remaining 67 negative cases and 3 

ambiguous cases were analyzed by FISH; among these, 7 
cases were triploid, and 3 cases were tetraploid. The over-
all rate of chromosomal abnormalities in POC specimens 
was 62.5% (100/160). Among these, 6.3% (10/160) were 
polyploid, 51.9% (83/160) were abnormalities in chro-
mosome number, and 4.4% (7/160) were chromosomal 
structural abnormalities, including 1 case with both chro-
mosome number and structural abnormalities (Fig.  2, 
Supplementary Table  2). Among the cases with abnor-
mal number of chromosomes, 78 cases involved a single 
chromosome, and 5 cases involved two chromosomes; of 
the former, the most common aneuploidies were trisomy 
16 (n = 24), followed by monosomy X (n = 10), trisomy 22 
(n = 8), and trisomy 13 (n = 7) (Fig. 3).

Table 1  Characteristics of pregnant women with spontaneous abortion (n = 160)

SD Standard deviation

n (%) or Mean ± SD n (%) or Mean ± SD

Maternal age (years) 30.8 ± 5.0 No. of previous miscarriages

Paternal age (years) 32.6 ± 6.1 None 97 (60.6)

Ethnicity One 49 (30.6)

  Han 127 (79.4) Two or more 14 (8.8)

  Ethnic minorities 33 (20.6) Folic acid supplementation

Education No 32 (20.0)

   ≤ Middle school 48 (30.0) Yes 128 (80.0)

   ≥ College 112 (70.0)

Place of residence Serum homocysteine (μmol/L) 7.6 ± 2.5

  Urban 127 (79.4)

  Suburban & rural 33 (20.6) Maternal BMI (kg/m2) 21.9 ± 3.0

Fig. 2  The proportion of chromosomal abnormalities in POC specimens (n = 160)
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Risk factors for chromosome aberration in aborted 
embryos
Genetic factors
A total of 90 couples with aneuploid or structurally 
abnormal chromosomes in embryos were recalled for 
cytogenetic analysis. Among them, 15 couples were lost 
to follow up (including 9 cases of aneuploidies involving 
group D or G chromosomes and 6 cases of aneuploidies 
involving other chromosomes). One case of structural 
abnormality was found to be derived from maternal bal-
anced translocation (Supplementary Table 2).

Clinical background and environmental factors
The association of karyotype in the aborted embryos and 
the parental clinical background or exposure to environ-
mental factors are shown in Fig.  4 (for continuous vari-
ables) and Table 2 (for categorical variables). Women with 
abnormal embryonic chromosomes were significantly 

older than women with normal embryonic chromosomes 
(P < 0.01), especially those with autosomal aneuploidy and 
complex aberrations (abnormalities involving ≥2 chro-
mosomes). In addition, the paternal age of the group with 
abnormal fetal chromosomes was greater than that of the 
group with normal fetal chromosomes (P  < 0.01). Due to 
the small number of cases, we did not find a significant dif-
ference in the parental age of embryos with normal karyo-
type and embryos with polyploid or X monosomy (Fig. 4).

Serum Hcy level in women with abnormal embry-
onic chromosomes was greater than that of women 
with normal embryonic chromosomes, although the 
difference was not statistically significant (P = 0.081). 
Regarding the individual group comparisons, only 
monosomy X was significantly related to the Hcy level 
in maternal serum (P = 0.014). Folic acid supplementa-
tion showed no significant association with fetal chro-
mosomal abnormalities (P = 0.683).

Fig. 3  Distribution of aneuploidies involving a single chromosome

Fig. 4  Association of fetal karyotype with parental clinical background factors (continuous variables)
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Women with ≥1 previous miscarriage had a signifi-
cantly lower odds ratio for abnormal karyotypes than 
women without previous miscarriage [crude odds ratio 
(OR) = 0.52; 95% confidence interval (CI), 0.27–0.99, 
P = 0.046]. The odds ratio of fetal chromosomal aberra-
tion in women with self-perceived exposure to noise was 
lower than that in women who were not exposed (crude 
OR = 0.29; 95% CI, 0.11–0.73, P = 0.006). Fetal chromo-
somal aberrations showed no significant association with 
exposure to other environmental factors (such as paint, 
pesticide, PAH, alcohol, or passive smoking) (Table 2).

On multivariate logistic analyses, the risk of abortus 
with chromosomal aberration was positively associ-
ated with paternal age (OR = 1.11; 95% CI, 1.03–1.18, 
P = 0.003) and maternal serum Hcy level (OR = 1.28; 
95% CI, 1.02–1.60, P = 0.037). The odds ratio for fetal 

chromosomal aberrations was significantly decreased 
in women exposed to noise (OR = 0.27; 95% CI, 0.10 to 
0.76, P = 0.013), but increased in women exposed to paint 
(OR = 6.89; 95% CI, 0.66 to 71.81, P = 0.106) (Table 3).

Discussion
Consistent with previous research [3], most of the 
aborted embryos in this study had chromosomal abnor-
malities. Parental age may be an independent risk fac-
tor for fetal chromosomal abnormalities, especially 
for autosomal aneuploidies and complex aberrations. 
After adjusting for some potential confounding fac-
tors, the risk of embryonic chromosomal aberrations 
showed a positive correlation with paternal age, but 
not with maternal age. The reason may be that as the 
mother aged, the risk of fetal chromosomal aberrations 
increased, and the risk of unexplained spontaneous 
abortion increased as well [27].

Similar to the earlier reports [3, 28], the risk of poly-
ploidy was not positively correlated with maternal age. 
Polyploidy, known as the endoreplication of genomic 
DNA [29], has been found to increase the adaptive 
potential of organisms exposed to stressful conditions 
[30]. However, polyploidization in embryonic DNA has 
serious consequences, and few can survive past the first 
trimester [31].

The incidence of monosomy X showed no associa-
tion with maternal age, which is consistent with previ-
ous reports [3, 28]. Similarly, the incidence of monosomy 
X did not differ by paternal age, although in a previous 
study, monosomy X was found more likely to be caused by 

Table 2  Association of fetal chromosomal abnormalities with 
maternal characteristics (categorical variables)

Bold font indicates statistical significance; the 95% CI does not include 1

Abbreviations: PAH Polycyclic aromatic hydrocarbons
* indicates P < 0.05
** indicates P < 0.01

Normal Abnormal P Crude OR (95% CI)

Folic acid supplementation

  No 13 (21.7) 19 (19.0)

  Yes 47 (78.3) 81 (81.0) 0.683 1,18 (0.53, 2.60)

  Previous miscarriages (n)

   < 1 30 (50.0) 66 (66.0)
   ≥ 1 30 (50.0) 34 (34.0) 0.046 0.52 (0.27, 0.99)*
Exposure to paint

  No 59 (98.3) 92 (92.0)

  Yes 1 (1.7) 8 (8.0) 0.184 5.13 (0.63, 42.08)

Perceived noises

  No 46 (76.7) 92 (92.0)
  Yes 14 (23.3) 8 (8.0) 0.006 0.29 (0.11, 0.73)**
Pesticide exposure

  No 53 (88.3) 91 (91.0)

  Yes 7 (11.7) 9 (9.0) 0.586 0.75 (0.26, 2.13)

Repellent exposure

  No 50 (83.3) 84 (84.0)

  Yes 10 (16.7) 16 (16.0) 0.912 0.95 (0.40, 2.26)

Passive smoking

  No 26 (43.3) 45 (45.0)

  Yes 34 (56.7) 55 (55.0) 0.837 0.94 (0.49, 1.78)

Alcohol use

  No 57 (95.0) 96 (96.0)

  Yes 3 (5.0) 4 (4.0) 1.000 0.79 (0.17, 3.67)

Exposure to PAH

  No 48 (80.0) 89 (89.0)

  Yes 12 (20.0) 11 (11.0) 0.116 0.49 (0.20, 1.20)

Table 3  Results of multivariate logistic analyses showing the 
association of parental characteristics with fetal chromosomal 
aberrations

All variables were introduced into the model and selected with a Backward: LR 
strategy, remove at P > 0.10

Bold font indicate statistical significance; the 95% CI does not include 1
* indicates P < 0.05
** indicates P < 0.01

Chromosomal 
abnormality OR 
(95% CI)

P

Paternal age (years, continuous) 1.11 (1.03, 1.18) 0.003**
Serum homocysteine (μmol/L, continu-
ous)

1.28 (1.02, 1.60) 0.037*

Previous miscarriages (n)

   ≥ 1 vs 0 0.53 (0.26, 1.09) 0.083

Exposure to paint

  Yes vs No 6.89 (0.66, 71.81) 0.106

Perceived noises

  Yes vs No 0.27 (0.10, 0.76) 0.013*
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paternal chromosome loss [32]. Nevertheless, we found 
that the serum level of Hcy in mothers with monomer X 
was higher than that in mothers with normal karyotype. 
In addition, the odds ratio for embryonic chromosomal 
abnormalities increased with the maternal serum Hcy 
level. Consistent with previous reports, high concen-
trations of Hcy may induce DNA damage and increase 
the risk of genomic instability in humans [33]. Hcy is an 
intermediate product of folate metabolism; however, we 
found no correlation between folate supplementation and 
embryonic chromosomal aberrations. This may be attrib-
utable to inter-individual variability with respect to folate 
uptake and metabolism [13]. In addition, we did not assess 
the timing of initiation of folic acid supplementation and 
the amount of supplementation, which may affect the 
effectiveness of folic acid supplementation [12, 34].

There is no clear consensus on the association between 
obstetric history and embryonic karyotype. In a study 
by Ozawa et  al., compared with women with < 2 previ-
ous miscarriages, women with ≥2 previous miscarriages 
had a lower incidence of chromosomal abnormalities in 
the aborted embryos [3]. For parents with normal kary-
otypes, the incidence of abnormal embryo karyotypes 
decreased significantly with the number of previous 
miscarriages [9, 35], implying an unascertained mater-
nal cause for spontaneous abortion [27]. However, other 
researchers have found no correlation between the num-
ber of previous miscarriages and chromosomal aberra-
tion in the aborted embryo [36]. However, the study did 
not clarify whether chromosomal aberrations in embryos 
were inherited from balanced rearrangements in parental 
chromosome.

Parental chromosomal abnormality is an important 
genetic cause of spontaneous miscarriage. In this study, 
only one case of structural abnormality was found to be 
derived from maternal balanced chromosomal transloca-
tion. In accordance with previous studies, most miscar-
riages that occurred during early pregnancy were due to 
non-inherited chromosomal aneuploidy [1, 2], suggest-
ing the potential involvement of environmental factors in 
embryonic chromosomal teratogenesis and/or spontane-
ous abortion.

In this case-case study, the incidence of embryonic 
chromosomal aberrations showed a negative correlation 
with prenatal exposure to noise. The result indicated that 
prenatal exposure to noise may be related to spontane-
ous abortion in embryos with normal karyotype. Animal 
experiments have shown that noise may have a direct 
effect on developing animals by increasing the embryo 
absorption and decreasing live births per litter [37, 38]. In 
addition, Noise may have an indirect impact by reducing 
the uteroplacental blood flow and increasing the release 
of catecholamines (one of the stress hormones), which 

may induce fetal hypoxia and abnormal embryogenesis 
[39]. Till date, a few epidemiologic studies have investi-
gated the association between noise exposure and spon-
taneous abortion. However, the quality of evidence of this 
association is very low [40, 41].

Women with a history of exposure to paint showed higher 
incidence of fetal chromosomal aberrations, although, the 
association was not statistically significant; this may be 
attributable to the small sample size. Thus, exposure to paint 
may increase the risk of embryonic chromosomal aberra-
tions. Volatile organic compounds (VOC) emitted from 
paint may cause chromosomal aberrations [42, 43].

This was a small-scale study to estimate the risk factors 
of spontaneous abortions with and without embryonic 
chromosomal aberrations. In this study, we used both 
KL-BoBs and FISH technology to analyze the aborted 
POC tissues, which avoided the influence of cell culture 
failure and maternal cell contamination on the karyotype 
results [3, 26]. This approach helped overcome the limi-
tations of BoBs technique in analyzing polyploidy [26, 
44], and improved the detection rate and accuracy of the 
results. There are three main limitations of this study. 
First, this combined method is unable to detect chromo-
somal microdeletions or microduplications in regions 
not covered by the kit and balanced rearrangements 
[24, 44]. Second, we did not perform next generation 
sequencing (NGS) and chromosomal microarray analysis 
(CMA) for copy number variations (CNVs) and/or single 
nucleotide variants (SNVs) in euploid miscarriages [45–
47]. This may have led to misclassification in the division 
of the case group and the control group. However, pos-
sible pathogenic CNVs were detected in ∼2% of miscar-
riages, and a large number of miscarriages had CNVs 
of unknown significance [45, 47]. Mutations in genes 
involved in embryo implantation, angiogenesis, coagula-
tion, immunological function response, and fetal growth, 
may contribute to or predispose to pregnancy loss [45, 
46, 48]. The clinically useful SNVs need to be validated 
by in  vitro/in vivo functional tests. Third, some poten-
tial factors related to spontaneous abortion or embry-
onic chromosomal aberrations were not included in this 
study, such as assisted reproduction, thrombophilic dis-
orders, immune dysfunction, and exposure to other envi-
ronmental factors.

Conclusion
The main cause of spontaneous abortion in our cohort 
was non-hereditary embryo chromosomal abnormalities. 
Paternal age, reproductive history, maternal Hcy levels, 
and exposure to environmental factors may be associated 
with spontaneous abortion with or without fetal chromo-
somal aberrations. Our findings may provide scientific 
evidence for prenatal care and genetic consultation.
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